Girdin is an actin-binding Akt substrate that is involved in the regulation of cell migration. Accumulating evidence has revealed that girdin has regulatory effects on invasion and metastasis in several types of cancer. However, the role of girdin in esophageal squamous cell carcinomas (ESCCs) is yet to be investigated. In the present study, tissue microarray data revealed that among 95 cases of ESCC, 27 cases (28.7%) exhibited a low expression of girdin, while 67 cases (71.3%) had an enhanced expression of girdin. However, among 78 cases of adjacent tissues, 64 cases (82.1%) did not express girdin and 14 cases (17.9%) exhibited a low expression of girdin. Furthermore, the expression of girdin was significantly associated with the tumor stage, lymph node metastasis stage, and tumor, lymph node and metastasis stage. Of note, the mean survival time of girdin-positive cases was only 30.62±2.99 months, while it was 53.37±5.02 months in girdin-negative cases, indicating that girdin protein expression is an independent prognostic factor of poor survival. Talenmediated girdin knockout (KO) significantly suppressed cellular proliferation, migration and invasion in ESCC ECA109 cells. In conclusion, the present study suggested that girdin protein expression was significantly correlated with cancer progression and poor prognosis in ESCCs, and that girdin had a positive role in the regulation of cell proliferation, migration and invasion in ESCC cells. Therefore, girdin may be a potential candidate for the development of novel prognostic tools and therapeutic strategies for ESCCs.
Introduction
Esophageal cancer, mainly derived from squamous cells, is a common malignancy of the digestive tract that is associated with highly invasive and metastatic characteristics (1) (2) (3) . Over the past decade, investigating the invasion and metastasis of esophageal cancer has received increasing attention (4, 5) . However, the underlying molecular mechanisms remain elusive, mainly because invasion and metastasis involve a variety of complex processes as well as numerous regulatory mechanisms (6) .
Girdin is a novel protein universally expressed in mammals, encoding a large protein of 1870 amino acids in humans. The structure of girdin is divided into four regions. The N-terminal region involves in the formation of a dimmer (NT). The central large coiled-coil domain is flanked by the N-terminal (253 amino acids) and C-terminal domains (495 amino acids). The halved C-terminal region (CT1) facilitates girdin's association with the plasma membrane and another C-terminal region (CT2) is involved in the localization to the actin filament (7, 8) . Furthermore, girdin has been demonstrated to participate in the regulation of cell division and migration through cytoskeletal molecules (9) . Recently, accumulating evidence has revealed that girdin is involved in numerous different types of malignant tumors in humans, including prostate cancer, breast cancer, colorectal cancer, glioblastoma, as well as esophageal squamous cell carcinoma (ESCC) (10) (11) (12) (13) (14) . However, the role of girdin in the regulation of cell proliferation, migration and invasion in ESCC cells remains unclear.
In the present study, a tissue microarray assay was performed to determine the clinicopathological significance of girdin protein expression in ESCCs.
Materials and methods
Tissue microarray assay. The tissue microarray kit (FM-S4006-1) was purchased from Core Ultra Biological Technology Co., Ltd (Shanghai, China). The pathological diagnosis of each patient was ESSC without distant metastasis. None of the patients had received any type of treatment prior to the surgery. A total of 94 cases of ESCCs and 78 cases of matched adjacent tissues (MAT) were selected for analysis. At least five fields of view in each slice were randomly selected and observed under a x400 optical microscope. Yellow staining in the cytoplasm was considered to be girdin-positive. The staining intensity criteria were as follows: No coloration, 0 points; faint yellow, 1 point, yellow or dark yellow, 2 points, brown or dark brown, 3 points. Furthermore, staining of a cell percentage ≤5% was considered to be 0 points, 6-25% as 1 point, 26-50% as 2 points and ≥51% as 3 points. Then, the two scores above were multiplied and 0-1 points was considered to be negative (-); 2-3 points weak positive (+); 4-6 points moderately positive (++) and >6 points strongly positive (+++). In the statistical analysis, these scores were classified into negative expression (0-3 points) and positive expression (4-9 points). Talen-mediated knockout (KO) of girdin gene in human esophageal carcinoma ECA109 cells. To investigate the role of girdin in human esophageal carcinomas, a Talen kit was used to KO the girdin gene in ECA109 cells according to the manufacturer's instructions. Briefly, two plasmids were constructed, pCMV-NLS-N-terminal-L1-C-terminal-Fok1(L)-IRES-PURO-pA and pCMV-NLS-N-terminal-R1-C-terminal-Fok1(R)-pA. These two plasmids were against the Talen recognition module from the 5'-and 3'-ends. Then, sequencing was performed to determine the sequences of these two plasmids. Three sequencing primers were used as follows: 5'-CTCCCCTTCAGCTGGACAC-3'; 5'-AGCTGGGCCACGATTGAC-3'; 5'-GGGAGCACC CCTCAACCTGAC-3'. Following confirmation that the sequences of the two plasmids were correct, they were co-transfected into ECA109 cells using Lipofectamine 2000 according to the manufacturer's instructions and then the mRNA expression of girdin was examined to confirm the efficiency of talen-mediated girdin KO using quantitative (q)PCR.
Materials
RNA extraction and qPCR. Total RNA was extracted from tissues and cells using TRIzol. For detection of mRNA, qPCR analysis was performed using SYBR Green qPCR Mix and specific primers synthesized from Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). The following primers were used for amplification of girdin: Sense, 5'-GACCAACTAGAGGGAACTCG-3' and antisense, 5'-TACTTTGTTTCTGTGCCATT-3'. β-actin was used as an internal control with sense primer 5'-AGGGGCCGGACTCGTCATACT-3' and antisense primer 5'-GGCGGCACCACCATGTACCCT-3'. Independent experiments were repeated three times and the relative expression levels were analyzed utilizing the 2 -∆∆ Ct method.
Cell proliferation assay. For all groups, 10,000 cells/well were plated in a 96-well plate. Following treatment, the plates were incubated for 0, 24, 48 and 72 h, respectively, at 37˚C and 5% CO 2 . To assess the cell proliferative ability, 20 µl of MTT (5 mg/ml) reagent in PBS was added to each well and incubated for 4 h at 37˚C in 5% CO 2 . Then, the supernatant was removed and 150 µl of dimethylsulfoxide (DMSO) was added to dissolve the crystal. Within 10 min following addition of DMSO, the absorbance was detected at 570 nm with a Microplate Reader (Bio-Rad, Hercules, CA, USA). Each assay was performed in triplicate wells.
Cell invasion assay. A 24-well transwell chamber was pre-coated with 100 µg Matrigel, filled with DMEM and incubated at 37˚C for 2 h. Following this, the medium was removed carefully. Then, cells in each group were resuspended in serum-free DMEM at a concentration of 50,000 cells/ml and 500 µl suspension was added into the upper chamber. The bottom chamber was filled with 750 µl DMEM containing 10% FBS. Following incubation for 24 h at 37˚C in 5% CO 2 , cotton buds were used to remove the cells which did not permeate through the polycarbonate membrane. Then, the cells that had migrated through the polycarbonate membrane and adhered to the bottom of it were stained with 0.1% crystal violet for 20 min and washed with PBS three times. Following this, each well was added with 500 µl 10% ethanol to dissolve the dye on the polycarbonate membrane. Then, cells were transferred to a 96-well plate to measure the absorbance at 570 nm using a Microplate Reader (MK3; Thermo Fisher Scientific, Waltham, MA, USA). Each assay was performed in triplicate wells.
Statistical Analysis. All data was analyzed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA). Count data were analyzed by the χ 2 test, while measurement data were analyzed using analysis of variance. Univariate survival analysis was performed using Kaplan-Meier method and the Log-rank test. Multivariate survival analysis was performed using the Cox multivariate analysis model. P<0.05 was considered to indicate a statistically significant difference between values.
Results

Girdin expression is notably higher in ESCC tissues compared with adjacent tissues.
By immunohistochemistry, 94 cases of ESCCs and 78 cases of adjacent tissues were stained and analyzed in a tissue microarray. As revealed in Fig. 1 , girdin protein was expressed predominantly in the cytoplasm (brown). As demonstrated in Table I , 27 cases (28.7%) of ESCCs exhibited a low expression of girdin, while 67 cases (71.3%) of ESCCs exhibited an enhanced expression of girdin. However, among 78 cases of adjacent tissues, 64 cases (82.1%) did not express girdin and 14 cases had a low expression of girdin. These data suggested that the protein expression of girdin was significantly upregulated in esophageal carcinomas compared with their matched adjacent tissues.
Correlation between girdin protein expression and clinicopathological features in patients with esophageal carcinomas.
The association between girdin protein expression and the clinicopathological features of patients with esophageal carcinomas was analyzed using the χ 2 test. It was identified that the girdin protein expression had no association with the patient's age, gender or tumor location (P>0.05). However, girdin protein expression was correlated with the tumor stage, lymph node metastasis stage, and TNM stage (P<0.05; Table I ).
Correlation between girdin protein expression and prognosis in patients with esophageal carcinomas. Among all 94 patients with esophageal carcinomas, 32 cases survived >5 years following surgery and the five-year survival rate was 34.04%. Kaplan-Meier survival analysis data demonstrated that the mean survival time was 30.62±2.99 months in the girdin-positive group, while it was 53.37±5.02 months in girdin-negative group. Furthermore, the median survival time was 23 months in the girdin-positive group; however, it was 37 months in girdin-negative group. The five-year survival rate was 20.9 and 66.70%, respectively, and the difference between the five-year survival rates between these two groups had a statistical significance according to the Log-rank test (χ 2 =13.165, P<0.001). The survival curves of esophageal carcinoma patients with high or low girdin expression levels are compared in Fig. 2 .
The Log-rank test of Kaplan-Meier analysis was used again, and as summarized in Table II , the five-year survival of patients with esophageal carcinomas was associated with the TNM staging and the girdin protein expression levels. Multivariate Cox model analysis was further performed. As demonstrated in Table III, T4 was utilized as a control in the T stage. T1 and T2 demonstrated a significant difference from T4 (P<0.05) and the RR was 0.153 and 0.267, respectively. However, T3 revealed no significant difference from T4 (P>0.05) and the RR was 0.475. Furthermore, the TNM stage (P=0.007) and the girdin expression (P=0.018) may be independent factors affecting the five-year survival rate in patients with esophageal carcinomas. Based on the data above, it is hypothesized for the first time, to the best of our knowledge, that girdin protein expression may act as a supplementary prognostic indicator for patients with esophageal carcinomas. (Fig. 3A) , were transfected into human esophageal carcinoma ECA109 cells. The results identified that following transfection, mRNA expression of girdin was not detected, while the negative control (NC) group, which was transfected with a blank vector, demonstrated no difference with the control group (Fig. 3B) . These data suggested that the KO of girdin expression in human esophageal cancer ECA109 cells was successful.
Co-transfection with talen plasmids successfully knocks out the expression of girdin human esophageal cancer ECA109 cells. In order to further investigate the role of girdin in ESCCs, the two talen plasmids, pCMV-NLS-N-terminal-L1-C-terminal-Fok1(L)-IRES-PURO-pA and pCMV-NLS-N-ter minal-R1-C-terminal-Fok1(R)-pA
Talen-mediated girdin KO inhibits cellular proliferation of human esophageal carcinoma ECA109 cells. The effect of talen-mediated girdin KO on the cellular proliferation of ECA109 cells was determined. As demonstrated in Fig. 4 , the ECA109 cells in the girdin KO group exhibited a lower proliferative rate as compared with those in the control and NC groups. These findings suggested that the expression of girdin may be required for the cellular proliferation of human esophageal cancer cells, and girdin KO inhibits their proliferative ability. Table I . Correlation between girdin protein expression and clinicopathological features in patients with esophageal carcinoma. Talen-mediated girdin KO suppresses cellular migration in ECA109 cells. A scratch assay was performed to examine the effect of talen-mediated girdin KO on ECA109 cell invasion. As demonstrated in Fig. 5 , following girdin KO, which resulted from the transfection of two talen plasmids into the ECA109 cells, cell migration was significantly decreased compared with the control group; however, there was no effect on cellular migration in the cells of the NC group. Girdin may have a positive role in the regulation of migration in human esophageal cancer cells, as girdin KO downregulates their migration.
Girdin -----------------------------------------------------------
Talen-mediated girdin KO suppresses cellular invasion in ECA109 cells. As girdin has been reported to be involved in the Akt-dependent signaling pathway, which is important in the regulation of cellular invasion, the present study further investigated the effect of talen-mediated girdin KO on ECA109 cell invasion. As illustrated in Fig. 6 , following the KO of girdin caused by the transfection of two talen plasmids, the cellular invasion was significantly decreased compared with that of the control group. However, cells in the NC group exhibited no differences in invasiveness compared with that of the control group, indicating that girdin may promote cellular invasion in human esophageal cancer cells.
Discussion
A number of studies have demonstrated that girdin expression is dysregulated in several types of malignant tumor, including prostate, breast and colorectal cancer, as well as glioma and ESCCs (10) (11) (12) (13) (14) , indicating that girdin may have a role in tumorigenesis. In the present study, it was identified that the expression of girdin was markedly upregulated in esophageal carcinoma samples compared with that in their matched adjacent tissues. Furthermore, girdin expression was significantly associated with the T stage, lymph node metastasis and TNM stages of esophageal carcinomas. In addition, the girdin expression was inversely associated with the five-year survival rate. These findings suggested that girdin may be involved in the development and progression of ESCCs and its expression may act as an independent indicator for poor survival. A previous study also investigated the correlation between girdin expression and clinical data using specimens resected from ESCC patients, and its immunohistochemical (IHC) data demonstrated a similar result, in that the overall survival was notably longer in samples with lower girdin expression compared with that in samples with a higher girdin expression (12). Esophageal cancer commonly occurs with highly invasive and metastatic characteristics (15, 16) and due to the evidence demonstrating that girdin is involved in the regulation of cell motility (17, 18) , it was further investigated whether girdin had a role in the migratory behavior in ESSC ECA109 cells. The present study identified that talen-mediated girdin KO significantly inhibited cell migration in ECA109 cells, which is consistent with the findings from a study by Shibata et al (12) , where cell migration was significantly reduced in ESCC KYSE cells transfected with girdin-specific small interfering RNA. Of note, girdin has been suggested to be involved in the metastasis of several types of cancer. Liu et al (19) reported that girdin protein may be a potential new distant metastasis biomarker of breast cancer. To the best of our knowledge, for the first time, we have demonstrated that girdin KO notably suppressed cell proliferation and invasion in ECA109 cells. Based on the data above, it is hypothesized that girdin may function comprehensively in ESCCs. However, the detailed molecular mechanisms underlying this effect remain to be elucidated, and further studies are required to investigate this.
RR 95% CI -----------------------------------------
Despite this, it is hypothesized that the role of girdin in ESCCs is possibly through its binding proteins, including actin, Akt and heterotrimeric G proteins (20) (21) (22) (23) . Actin is the major ingredient in the cellular cytoskeleton and the dynamic reorganization of the cell cytoskeleton controls cellular motility (24, 25) . As a result, by binding actin, girdin may have a key role in ESCC metastasis through cytoskeleton remodeling (9, 26) . Furthermore, it has been well-established that the Akt signaling pathway is critical in the migration and invasion of various cancer cells (27) . As a substrate of Akt, girdin may be involved in the activity of the Akt signaling pathway and, as a result, has an impact on cancer cell motility.
In conclusion, the present study comprehensively investigated the correlation between girdin protein expression and the clinicopathological features and prognosis in ESCC patients. The results suggested that girdin may have a key role in the progression and prognosis of esophageal carcinomas, possibly due to its effects on cellular proliferation, migration and invasion in ESCC cells. As a result, girdin may be a novel candidate for the development of novel prognostic tools and therapeutic strategies in the treatment of ESCCs.
